Abstract: An unknown impurity in the bulk drug daunorubicin hydrochloride observed at 1.79 RRT was detected by the means of reverse phase isocratic High performance liquid chromatography (HPLC). This impurity was isolated, enriched and was subjected to mass and NMR spectral studies. Based on the spectral data the impurity was identified as (8S,10S)-8-ethyl-10-[(2S,4S,5S,6S)-4-amino-5-hydroxy-6-methyl-oxan-2-yl]oxy-6,8,11-trihydroxy-1-methoxy-9,10-dihydro-7H-tetracene-5,12-dione also known as 13-deoxy-daunorubicin.
Introduction
Daunorubicin 1-5 chemically known as (8S,10S)-8-acetyl-10-[(2S,4S,5S,6S)-4-amino-5-hydroxy-6-methyl-oxan-2-yl]oxy-6,8,11-trihydroxy-1-methoxy-9,10-dihydro-7H-tetracene-5,12-dione as its hydrochloride is an anti-cancer ("antineoplastic" or "cytotoxic") chemotherapy drug. It is most commonly used to treat specific types of leukaemia mainly acute myeloid leukemia and acute lymphocytic leukemia [6] [7] [8] [9] [10] . It was initially isolated from Streptomyces peucetius. Daunorubicin hydrochloride is commonly obtained fermentatively from a modified strain of Streptomyces peucetius. Official monographs appearing in both the USP 11 and European pharmacopoeia 12 are available for the quality control of daunorubicin hydrochloride.
Impurity profile of a drug substance is critical to its safety assessment and manufacturing process. For safety reasons, the impurities that exceed 0.1% in a drug must be identified prior to clinical trials (International Conference on Harmonization, 2006 13 ). The present study provides the isolation and characterization of an unknown impurity appearing above the ICH limit in the final API samples. The said impurity was isolated using preparative HPLC and characterized by using NMR and MS spectral data.
RESEARCH ARTICLE

Experimental
Daunorubicin hydrochloride prepared in house was used for the experiments while sodium lauryl sulfate (AR grade), orthophosphoric acid 85% (AR grade), trifluroacetic acid (AR grade) and acetonitrile (HPLC grade) were procured from Merck. Highly pure Milli Q Water obtained from Millipore Milli-Q plus purification system was used wherever aqueous preparations were involved.
Analytical conditions
The chromatographic separation was performed on Waters Alliance 2695 separation module with 2487 dual λ absorbance detector. The data were processed using Empower 2.0 software. The analytical conditions used were, Inertsil ODS-2, 250 X 4.6 mm, 5 µm column, with a flow rate 1.0 mL/min, mobile phase was a mixture of equal volumes of acetonitrile and a solution containing 2.88 g/L of sodium lauryl sulfate and 2.25 g/L of phosphoric acid and the detection was performed at 254 nm. Final concentration of sample solution prepared in mobile phase for HPLC injection was 1000 ppm. The HPLC chromatograms were integrated for the detected impurity and main peaks while peaks due to blank were not integrated.
Isolation of Impurity
The observed unknown impurity was isolated from daunorubicin hydrochloride sample by using preparative HPLC. The preparative LC system used was Waters Delta prep preparative chromatography system. For the isolation Waters X-Bridge prep C 18 , 5 µm OBD, 30 X 50 mm column was used. The isocratic Mobile phase was used which was a 65:35 mixture of buffer (0.1% Trifluoroacetic acid solution) and acetonitrile. The flow rate was set at 10.0 mL/min and the effluent was monitored at 254 nm. Concentration of 10 mg/mL was used. Total 30 runs were performed using 10 mL (10 mg) in each loading on to the preparative LC column. The major peaks were isolated individually. All isolated fractions having maximum purity were combined and reanalyzed on analytical HPLC. The combined fractions were concentrated under high vacuum using Buchi rotavapor R-124. The concentrated fractions were then lyophilized using freeze dryer (Instrument model Vertis) and the lyophilized sample was used for identification purpose after a final integrity check on analytical HPLC.
LC-MS/MS analysis
LC-MS was carried out on Waters LC-DAD-q-TOF premier equipped with Electrospray ionization source. Instrument control and data were performed with the help of Mass Lynx 4.1 software. The samples were infused into the ion source chamber with a T-junction delivering approximately 1/3 of the flow to the mass spectrometer. The ion source temperature was 300 O C and the ESI needle voltage was set at 3.0 kV. Nitrogen gas was used as the drying gas which was maintained at a flow rate of 10 mL / min. The collision energy was set between 5.0 and 10.0 to maximize the ion current in the spectra. The spray voltage was 3.0 kV. The temperature of the capillary was 300 o C. Ions were generated in the collision cell wherein Argon was used as the collision gas. For this experiment mass compatible gradient HPLC Method (Table 1 ) was developed and used for the separation of unknown impurity. Test preparation was 1000 ppm with methanol as a diluent. Injection volume was set to 50 µL.
NMR Spectroscopy
NMR experiments were performed on Bruker Avance II plus 500 MHz FT-NMR spectrometer with deuterated solvent DMSO-d 6 as a diluent at ambient temperature. The chemical shift values were reported on the δ scale in ppm. The broad peak appearing at δ 3.3 due to traces Deuterated water (HOD) and δ 2.5 due to traces undeuterated DMSO were taken as the internal standards for assigning the δ values in the recorded 1 H NMR Spectra's while septet appearing at δ 39.51 for DMSO was taken as the internal standard for assigning the δ values in the recorded 13 C NMR spectra's 
Results and Discussion
The present investigation describes the isolation and characterization of the unknown impurity as observed at ~1.79 RRT during the HPLC analysis of manufactured daunorubicin hydrochloride batches. The representative HPLC chromatogram of daunorubicin hydrochloride exhibiting the unknown impurity at RRT 1.79 is shown in Figure 1 . 
LC-MS/MS of daunorubicin sample enriched in unknown impurity
LC-MS followed by MS/MS of the observed unknown impurity showed major molecular ion at 514 indicating a molecular weight of 513 for the impurity. Further MS/MS of the main molecular ion showed two daughter ions at m/z 367 and 349. The MS/MS pattern as observed for the impurity showed similarity with the MS/MS pattern of daunorubicin hydrochloride indicating that the basic structure of the impurity was similar to daunorubicin hydrochloride. A detailed study of the fragmentation patterns of the parent drug served as a template to elucidate the structure of unknown impurity by comparison of their fragmentation pathways and neutral losses. Mass analysis established that the molecular weight of the impurity was less by 14 amu than daunorubicin [Mol. wt. 527]. The LC as obtained for the impurity enriched Daunorubicin is depicted in Figure 2A which showed major daunorubicin peak at ~20 minutes and the unknown impurity at 31.76 minute and MS spectra of the observed two peaks are depicted in Figure 2B and 2C Figure 2C . MS Spectra of unknown impurity eluting at 31.76 minutes in LC
Isolation of impurity
Unknown impurity was isolated by prep HPLC. All impurity fraction collected from prep HPLC was concentrated and after lypophilization about 20 mg of unknown impurity was obtained. This impurity was injected in HPLC method for checking its integrity and was found to be more than 95% pure. For details refer HPLC chromatogram of the isolated Impurity as depicted in Figure 3 .
Figure 3. HPLC chromatogram of isolated unknown impurity
Structure elucidation of unknown impurity
The High Resolution Mass Spectral data of the unknown impurity showed similar pattern as obtained during LC-MS experiments that is it showed a major molecular [ for C 27 H 31 NO 9 ) which corresponded to the molecular formula C 27 H 31 NO 9. Besides it showed two daughter ions at m/z 367 and 349. A molecular mass of 513 indicated that the structure was closely associated to duanorubicin. 1 H NMR data for the impurity (Figure 4b,) was compared with those of daunorubicin hydrochloride (Figure 4a) . In the 1 H NMR of the impurity signal corresponding to 3 protons of methyl group [CH 3 CO] at δ 2.280 was absent while two new signals one at δ 0.0936 corresponding to 3 protons of a diamagnetic group probably aliphatic methyl group and the other at a slightly up field region at δ 1.728 probably corresponding to 2 protons of an paramagnetic aliphatic methylene group [=CH 2 ] were observed . This indicated that probably the impurity structure was having a different group in the 8 position which was acetyl in the case of daunomycin. Table 2 & 3.Also the absence of oxygen in the impurity structure was justified by the molecular mass as obtained for the impurity. Thus from all the mass and NMR spectral data the impurity was found to be (8S,10S)-8-ethyl-10-[(2S,4S,5S,6S)-4-amino-5-hydroxy-6-methyl-oxan-2-yl]oxy-6,8,11-trihydroxy-1-methoxy-9,10-dihydro-7H-tetracene-5,12-dione or 13-deoxy-daunorubicin ( Figure 7) . The structure so identified also justified the mass fragmentation pattern as represented in Figure 8 . Figure 9 . Abbreviated pathway for bio-synthesis of daunorubicin
Probable source of impurity
Daunorubicin hydrochloride is commonly synthesized fermentatively. An outline of the fermentation biosynthetic pathway 14 leading to daunorubicin is depicted in Figure 9 . By analyzing both the bio-synthetic pathway as depicted as well as the confirmed impurity structure as identified it can be concluded that the impurity (13-Deoxy-daunorubicin) is an integral part of the fermentative biosynthetic pathway appearing as one of the intermediates which is further converted to daunorubicin. Thus it is this intermediate which is a precursor to daunorubicin which appears as an impurity due to its incomplete bio conversion to daunorubicin.
Conclusion
The unknown impurity observed at ~1.79 RRT during HPLC analysis of some of the inhouse manufactured Daunorubicin hydrochloride batches was isolated using preparative HPLC and subsequently characterized by spectroscopic techniques namely NMR and mass spectrometry. The impurity was found to be (8S,10S)-8-ethyl-10-[(2S,4S,5S,6S)-4-amino-5-hydroxy-6-methyl-oxan-2-yl]oxy-6,8,11-trihydroxy-1-methoxy-9,10-dihydro-7H-tetracene-5,12-dione or 13-deoxy-daunorubicin which probably is the bio-synthetically unconverted intermediate.
